


Physical and Neurobehavioural effects of Mentha Piperita ethanolic leaf extract on mercury intoxicated Wistar rats


Abstract
Mercury is a persistent environmental toxicant with significant neurotoxic effects, posing serious health risks due to its bioaccumulation and toxicity in various forms—elemental, inorganic, and organic. This study reviews mercury’s toxicological profiles, exposure pathways, and mechanisms of action. Major sources of exposure include contaminated seafood and occupational hazards like dental amalgams. Methylmercury, the most hazardous form, crosses both the blood-brain and placental barriers, severely impacting fetal neural development. Clinical symptoms range from paraesthesia and ataxia to seizures and coma, while inorganic mercury primarily targets renal function via immune-mediated damage. Mercury toxicity mechanisms include oxidative stress, thiol-protein disruption, mitochondrial dysfunction, and calcium imbalance. The review also evaluates the controversial use of ethylmercury (thimerosal) in vaccines, advocating for caution in sensitive populations.
In addition, this study examines the protective and therapeutic potential of ethanolic leaf extract of Mentha piperita (ELEMP) against mercury chloride (HgCl₂)-induced neurotoxicity in Wistar rats. Eight groups were analyzed, including control, HgCl₂-only, and various ELEMP-treated groups (400, 800, 1600 mg/kg). ELEMP-treated rats showed significant body weight gains and partial recovery of cerebral and cerebellar weights compared to HgCl₂-only rats. Notably, the 400 mg/kg ELEMP + HgCl₂ group showed significant improvement in cerebellar weight (p=0.048). Neurobehavioral tests indicated HgCl₂ impaired motor coordination and spatial learning, while ELEMP, particularly at 800 mg/kg, significantly improved performance in both motor (p=0.026) and cognitive (p=0.027) tasks. These findings suggest Mentha piperita extract may offer neuroprotection against mercury-induced toxicity.
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1.0 Introduction
Humans are consistently exposed to heavy metals such as mercury, lead, cadmium, and arsenic, introduced via natural (e.g., volcanic eruptions, rock weathering) and anthropogenic sources (e.g., mining, industrial emissions, waste disposal). Mercury, a natural but toxic element, exists in elemental, inorganic, and organic forms, all hazardous to health (Abba et al., 2002; Bernhoft, 2012; WHO, 2017). Exposure through inhalation, ingestion, or skin contact can severely affect the gastrointestinal tract, kidneys, and nervous system (US EPA, 2010). Symptoms range from rashes and mood changes to severe neurological damage, including ataxia and coma (Health Canada, 2008; Institoris et al., 2002; Fontaine et al., 2008).
The central nervous system is particularly vulnerable, especially the cerebral cortex and cerebellum (Eto et al., 2001; Ferraro et al., 2009; Fonfría et al., 2005; Korogi et al., 2011). Mercury toxicity may lead to anxiety, a neuropsychiatric condition marked by excessive fear and somatic symptoms (Seligman et al., 2000; American Heritage Medical Dictionary, 2007). Though treatments exist, long-term anxiolytic use can cause side effects and dependence (Manavi et al., 2013; McKay & Bumberg, 2006).
Herbal remedies, particularly Mentha piperita (peppermint), offer alternative therapeutic options. Medicinal plants support CNS health and cognitive function (Verma et al., 2010; Carlini, 2003; Faustino et al., 2010), while nutrition and phytochemicals also play critical roles (Ebuehi, 2012; Malekmohammad et al., 2021; Lee, 2015). Peppermint, a hybrid of Mentha spicata and Mentha aquatica, is globally cultivated for its aromatic and medicinal uses (Khalil et al., 2015; Spirling & Daniels, 2001; Iscan et al., 2002). In Nigeria, known locally as “mint leaf,” it is especially popular in the northern region.
The plant's essential oil—rich in menthol, menthone, and polyphenols—is extracted via steam distillation (Mairapetyan et al., 2016; Uribe et al., 2016). Menthol has spasmolytic and cholagogue effects (Peat et al., 2016; Arab et al., 2016; Paknejad et al., 2020) and peppermint shows strong antioxidant, antimicrobial, antifungal, anti-inflammatory, anticancer, and IBS-relieving properties (Dorman et al., 2003; Shaikh et al., 2014; Sun et al., 2014; Bansod & Rai, 2008; Nissen & Lau, 2016; Egan et al., 2015; Hassan & Tawfeeq, 2023; El Omari et al., 2024).
Peppermint’s aroma enhances alertness, mood, and reduces stress (Raudenbush et al., 2009; Liang et al., 2015; Pramanik et al., 2023; Loh et al., 2023). Mentha spp. possess antioxidant and antimicrobial traits, with creeping stems and serrated leaves (Kadam et al., 2011; Nayak et al., 2011; ALrashidi et al., 2023). Peppermint varieties include black and white types, differing in oil yield and stem color.
Traditionally, mint is used for respiratory and digestive ailments, fever, rheumatism, and more (Ahmed et al., 2023; Amin et al., 2023; Ogbuokiri et al., 2024). Its mineral-rich profile includes potassium, calcium, zinc, and selenium (Hassan & Tawfeeq, 2023). Essential oil components—menthol (25–78%), menthone (14–36%), isomenthone, and others—vary by growth conditions (Ali et al., 2024; Ibrahim et al., 2025; Sabir et al., 2023).
Due to its invasive stolon-based propagation, peppermint thrives best in moist, partially shaded conditions and is often container-grown (Liu, 2023; Ahmad et al., 2023). Its essential oil, with neuroprotective and chemopreventive potential, is used for nausea, cramps, and diarrhea (Shakib et al., 2023; Amin et al., 2023; El Omari et al., 2024). Emerging evidence suggests peppermint constituents may modulate brain-derived neurotrophic factor (BDNF) pathways, contributing to cognitive resilience (Golden et al., 2010).

2.0 Methodology

2.1. Experimental Procedure
This study was carried out in the animal house of the Faculty of Basic Medical Sciences, Nnamdi Azikiwe University, Nnewi Campus and this study lasted for a period of three months. Wistar rats weighing between 150 - 170g were acclimatized and housed following the guide for the care and use of laboratory animals (The Guide for the care and use of laboratory animals, 2011). 

2.3 Plant Materials And Chemicals
All chemicals used in this study were of analytical grade. Dry powder of Mercury chloride (HgCl2, 99% purity) manufactured by Loba Cheme PVT Ltd, Mumbia, 40005, India, was purchased from Julmark Enterprises, Yemetu, Ibadan, Nigeria. 

The leaves of Mentha piperita were obtained from Jos, Plateau State, Nigeria. It was identified and authenticated at the Department of Botany at Nnamdi Azikiwe University, Awka with Specimen herbarium number NAUTH: 22OB. 
The median lethal dose (LD₅₀) of Mentha piperita ethanolic leaf extract was determined using the method by Enegide et al. (2013) at the Department of Human Biochemistry Laboratory, NAU, Nnewi Campus. Ten rats were grouped and administered increasing doses:
· Stage 1 (4 rats): 10, 100, 300, 600 mg/kg
· Stage 2 (3 rats): 1000, 1500, 2000 mg/kg
· Stage 3 (3 rats): 3000, 4000, 5000 mg/kg
No mortality was observed at any stage. A confirmatory test was performed using 5000 mg/kg extract on two additional rats.
LD₅₀ 
LD₅₀=(M₀+M₁)/2
Where:
· M₀ = Highest dose with no mortality = 5000 mg/kg
· M₁ = Lowest dose with mortality = N/A (none observed)
Thus, LD₅₀ > 5000 mg/kg (indicating low acute toxicity)
A total of 12 apparently healthy adult Wistar rats (150–200g) were used for LD₅₀ determination. 

2.4   Experimental Design
A total of fifty-two (52) apparently healthy adult Albino Wistar rats, weighing between 150g-200g were used for this study. Twelve (12) from the 52 were used for median lethal dose determination while 40 rats were used for the study proper. The experimental animals were acclimatized for two weeks and maintained on rat chow and distilled water ad libitum. The experimental animals were divided into eight groups based on their body weight of five rats per group.
 
Group A served as Control and received rat chow and distilled water ad libitum for 28 days.
Groups B - E received 0.1mg/kg/bw of Mercury Chloride once daily for 28 days to induce toxicity of the central nervous system. Group B received no plant extract. Group C, D and E additionally received 1600mg/kg/bw, 800mg/kg/bw and 400mg/kg/bw of ethanoic leaf extract of Mentha piperita respectively for 28 days. Groups F, G and H received ethanoic leaf extract of Mentha piperita once daily for 28 days at the dose of 1600mg/kg/bw, 800mg/kg/bw and 400mg/kg/bw respectively.

2.5 Neurobehavioral Studies 
The neurobehavioral tests were used to evaluate the functioning of the central nervous system. These studies investigate the behaviour of the experimental animals and how it relates to nervous system function (Onaolapo et al., 2014).
In the Morris Water Maze (MWM) Test, animals are placed in a pool of water that is coloured opaque with powdered non-fat milk or non-toxic substance, where they must swim to a hidden escape platform. Animals in opaque water cannot see the platform, and cannot rely on scent but on distal cues to find the escape platform. It is a test of spatial learning, memory, and spatial navigation in laboratory rats (Vorhees and Williams, 2006). It is a key technique in the investigation of hippocampal circuitry. Also involved are entorhinal, perirhinal cortices, prefrontal cortex, the cingulate cortex, neostriatum, and cerebellum (D’Hooge and De Deyn, 2001).
The Hanging Wire Test was performed according to a modification of the method of VanWijk et al., (2008). Each rat is suspended with both forepaws on a horizontal steel wire (1 meter long, diameter 7 mm). The animal is held in a vertical position when its front paws are placed in contact with the wire. When the rat grasps the wire, it is released, and the latency to fall is recorded with a stopwatch. The Grip Strength test is used to evaluate motor function and deficit in rodent models of CNS disorders.

2.6 Termination of Experiment, Animal Sacrifice and Sample Collection
 Twenty-four hours following the last administration, the experimental animals were weighed and subjected to final neurobehavioral tests using an Morris Water Maze and the Hanging wire test. 

3.0 Results
3.1 Body Weight and Relative Cerebral and Cerebellar Weight 
Table 1 presents the result of rat body weight. It showed an increase in the body weight in groups B, C, E, F, G, and H; however, group D had a decrease when the initial weight was compared to final weight.  Thus, the mean weight difference revealed an increase in group B, C, E, and H, while groups D, F, and G had a decrease in the final body weight between the initial weight and the final weight. Table 1 showed the changes in the body weight of the experimental rats over the period of the treatment. Groups B, C, E, F, G and H; showed an increase in body weight when their initial body weight was compared to their final body weight, however group D had a decrease in body weight when the initial body weight was compared to their final weight, this difference was statistically significant in groups F and H. Thus, groups A, B, C, D, E and F had no statistically significant difference. Also, the mean weight difference revealed an increase in group B, C, E, and H, while groups D, F, and G had a decrease mean weight when compared to group A.


Table 1: Effect of administration of ethanolic leaf extract of Mentha piperita on body weight in Mercury Chloride exposed rats 
	
	Initial weight (g)
	Final weight (g)
	Body weight difference (g)
	p-value

	
	MEANSEM
	MEANSEM
	
	

	Group A (Control)
	148.608.02
	157.007.94
	8.40
	0.555 b

	Group B (HgCl2 only)
	182.007.09
	200.867.09
	18.86
	0.295 b

	Group C (HgCl2 + 1600 mg/kg of ELEMP)
	187.607.07
	196.8012.06
	9.20
	0.621 b

	Group D (HgCl2 + 800 mg/kg of ELEMP)
	163.501.66
	159.507.66
	-4.00
	0.586 b

	Group E (HgCl2 + 400 mg/kg of ELEMP)
	190.603.52
	201.2011.62
	10.60
	0.454b

	Group F (1600 mg/kg of ELEMP)
	191.000.57
	214.673.84
	23.67
	0.032a

	Group G (800 mg/kg of ELMP)
	163.404.54
	169.4010.69
	6.00
	0.430 b

	Group H (400 mg/kg of ELEMP)
	98.756.41
	150.757.95
	52.00
	0.036a



Data was analysed using paired t-test and values were considered significant at p≤0.05. HgCl2: Mercury Chloride, ELEMP: ethanolic leaf extract of Mentha piperita, a: significant, b: not significant. 


Effect of administration of ethanolic leaf extract of Mentha piperita on relative Cerebellar weight in Mercury Chloride exposed rats

Table 2 Result reported a decrease in the mean cerebral weight in groups B, C, D, E, F and G; group H had an increase compared to group A, which had significant difference in groups B, C, D, E, and F (p=0.015, p=0.003, p=0.012, p=0.012, p=0.017). In addition, groups G and H had no significant difference (p=0.338, p=0.76). Further, groups C, D, E, and F (p=0.481, p=0.923, p=0.915, p=0.949) had a decrease relative cerebral weight, groups G and H (p=0.099, p=0.007) had an increase compared to group B, which revealed statistical significance in-group H.  The relative cerebellar weight showed a decrease in groups B, C, D, E, F, G, and H (p=0.015, p=0.048, p=0.001, p=0.113, p=0.080, p=0.136, p=0.575) compared to group A, which had a statistical significance in groups B, C, and D. However, groups C, E, F, G, and H (p=0.573, p=0.316, p=0.413, p=0.270, p=0.048) had an increase and group D (p=0.096) had a decrease compared to group B, which had significance in-group H. 

Table 2: Effect of administration of ethanolic leaf extract of Mentha piperita on relative Cerebellar weight in Mercury Chloride exposed rats 
	
	Rel. cerebellum weight (g)

	Group
	MEANSEM

	Group A (control)
	0.130.01

	Group B (HgCl2 only)
	0.090.01 a

	Group C (HgCl2 + 1600 mg/kg of ELEMP)
	0.100.02 ad

	Group D (HgCl2 + 800 mg/kg of ELEMP)
	0.070.01 ad

	Group E (HgCl2 + 400 mg/kg of ELEMP)
	0.110.00 bd

	Group F (1600 mg/kg of ELEMP)
	0.110.01 bd

	Group G (800 mg/kg of ELEMP)
	0.110.00 bd

	Group H (400 mg/kg of ELEMP)
	0.120.01 bc

	F-ratio
	3.690

	P-value
	0.014



Data was analysed using paired ANOVA followed by post Hoc Fisher’s LSD multiple comparison and values were considered significant at p≤0.05. HgCl2: Mercury Chloride, ELEMP: ethanolic leaf extract of Mentha piperita, a: significant, b: not significant when comparison was made to A. c: significant, d: not significant when comparison was made to group B. 








Table 3 result revealed a decrease in the latency to fall in groups A, B, C, D, E, F, G, and H when the initial latency was compared to the final latency to fall, which had statistical significance in groups A, D, E, F, and G, groups B, C, and H had no significant difference. Table 3 Effect of Administration of Ethanolic Leaf Extract of Mentha Piperita On Latency to Fall Using Hanging Wire in Mercury Chloride Exposed Rats. Table 3 result revealed a decrease in the latency to fall in groups A, B, C, D, E, F, G, and H when the initial latency was compared to the final latency to fall, which had statistical significance in groups A, D, E, F, and G, groups B, C, and H had no significant difference.


Table 3: Effect of administration of ethanolic leaf extract of Mentha piperita on latency to fall using Hanging Wire in Mercury Chloride exposed rats. 
	
	Initial latency to fall (Secs)
	Final latency to fall (Secs)
	p-value

	
	MEANSEM
	MEANSEM
	

	Group A (Control)
	38.205.73
	8.202.43
	0.012 a

	Group B (HgCl2 only)
	43.6010.06
	18.407.52
	0.056 b

	Group C (HgCl2 + 1600 mg/kg of ELEMP)
	23.406.67
	21.806.29
	0.876 b

	Group D (HgCl2 + 800 mg/kg of ELEMP)
	26.002.08
	6.001.53
	0.025 a

	Group E (HgCl2 + 400 mg/kg of ELEMP)
	39.2010.74
	5.601.66
	0.039a

	Group F (1600 mg/kg of ELEMP)
	81.009.64
	7.332.84
	0.026a

	Group G (800 mg/kg of ELEMP)
	25.332.33
	6.001.52
	0.026 a

	Group H (400 mg/kg of ELEMP)
	78.7524.71
	22.008.35
	0.122 b



Data was analysed using paired t-test and values were considered significant at p≤0.05. HgCl2: Mercury Chloride, ELEMP: ethanolic leaf extract of Mentha piperita, a: significant, b: not significant. 


Table 4 Effect of Administration of Ethanolic Leaf Extract of Mentha Piperita On Escape Latency Using Water Morris Maze Test in Mercury Chloride Exposed Rats 

Table 4 result revealed the escape latency had a decrease in group A, C, D, E, F, G, and H, group B had a decrease when the initial escape latency was compared to the final escape latency, which had significant difference in groups D and G. Thus, groups A, B, C, E, F, and H had no significant difference. 

Table 4: Effect of administration of ethanolic leaf extract of Mentha piperita on escape latency using Water Morris Maze test in Mercury Chloride exposed rats 
	
	Initial escape latency (Secs)
	Final escape latency (Secs)
	p-value

	
	MEANSEM
	MEANSEM
	

	Group A (control)
	15.805.67
	12.805.01
	0.727 b

	Group B (HgCl2 only)
	14.605.29
	33.0015.44
	0.233 b

	Group C (HgCl2 + 1600 mg/kg of ELEMP)
	24.209.73
	21.806.29
	0.849 b

	Group D (HgCl2 + 800 mg/kg of ELEMP)
	61.3315.34
	11.337.53
	0.027 a

	Group E (HgCl2 + 400 mg/kg of ELEMP)
	28.0010.89
	15.205.58
	0.437 b

	Group F (1600 mg/kg of ELEMP)
	71.3329.53
	19.339.77
	0.257 b

	Group G (800 mg/kg of ELEMP)
	61.3315.34
	11.337.54
	0.027 a

	Group H (400 mg/kg of ELEMP)
	27.406.58
	19.004.71
	0.202 b



Data was analysed using paired t-test and values were considered significant at p≤0.05. HgCl2: Mercury Chloride, ELEMP: ethanolic leaf extract of Mentha piperita, a: significant, b: not significant. 
Table 4 result revealed the escape latency had a decrease in group A, C, D, E, F, G, and H, group B had a decrease when the initial escape latency was compared to the final escape latency, which had significant difference in groups D and G. Thus, groups A, B, C, E, F, and H had no significant difference. 

4.0 Discussion
This study evaluated the physical and neurobehavioural effects of ethanolic leaf extract of Mentha piperita (ELEMP) on mercury chloride -induced neurotoxicity in rats, as reflected in changes in body weight, relative brain weights (cerebrum and cerebellum), and behavioral performance tests (Hanging Wire and Morris Water Maze).
4.1 Body Weight
The administration of HgCl₂ (Group B) resulted in an increase in body weight, although this was not statistically significant. Interestingly, rats co-treated with varying doses of ELEMP (Groups C, D, and E) exhibited mixed responses. Group D, which received 800 mg/kg ELEMP, showed a decrease in body weight, while Groups C and E showed increases. This may suggest a dose-specific modulation of body weight response, possibly influenced by metabolic effects of the extract. Notably, Groups F and H, which received ELEMP without mercury exposure, showed statistically significant weight gains, indicating the potential anabolic or appetite-stimulating effects of M. piperita in healthy rats. This observation is supported by the reports of Masouri et al., (2022) and Hussein (2021). These findings align with previous reports of M. piperita influencing metabolic parameters and weight regulation through its phytochemical constituents, including menthol and flavonoids (Idoko et al., 2023; Singh et al., 2011).
4.2 Relative Cerebral and Cerebellar Weight
Mercury exposure led to a significant reduction in both cerebral and cerebellar weights in Group B compared to controls, which is indicative of HgCl₂-induced neurodegeneration and brain atrophy. Co-administration of ELEMP (Groups C, D, E, F) failed to fully prevent this loss, with only Group H (400 mg/kg ELEMP alone) showing a statistically significant recovery in relative cerebral weight compared to Group B. This suggests a potential neuroprotective effect at lower doses of ELEMP, possibly due to its antioxidant and anti-inflammatory properties.
In terms of cerebellar weight, significant decreases were noted in Groups B, C, and D when compared to control, with only Group H demonstrating a statistically significant improvement compared to the mercury-only group. This further supports the notion that the protective effects of M. piperita may be dose- and brain-region specific, with higher efficacy observed in cerebellar protection at lower doses. This is similar to the reports of Aguiar et al., (2023) and Abu-Zahra et al., 2024).
4.3 Behavioral Assessments
Hanging Wire Test: This test, which evaluates neuromuscular strength and coordination, revealed a universal decrease in latency to fall across all groups. Notably, significant reductions were observed in Groups A (control), D, E, F, and G, indicating either progression dose-dependent neuromuscular effects. While Group B (HgCl₂ only) showed a non-significant decline, this may reflect early-stage motor impairment not yet statistically manifest. Groups treated with ELEMP (particularly F and G) exhibited significant reductions, which may point to the extract’s limited ability to preserve motor function.
Morris Water Maze Test: This spatial memory test showed that mercury exposure alone (Group B) led to an increased escape latency, suggestive of impaired cognitive function. Co-treatment with ELEMP notably improved escape latency in Groups D and G, with statistical significance, indicating potential reversal of mercury-induced cognitive deficits. Interestingly, the groups receiving ELEMP alone (F and H) also showed improvements, though not statistically significant, possibly reflecting cognitive-enhancing properties of the extract. These observations support the neurocognitive benefits of M. piperita, which have been attributed to its neuroprotective phytochemicals such as rosmarinic acid and menthol (Abbas et al., 2020; Haghighat-Jahromi et al., 2025).
4.4 Implications and Mechanisms
The differential effects observed across doses and endpoints suggest that Mentha piperita exerts its protective role through a combination of antioxidant, anti-inflammatory, and possibly neuromodulatory mechanisms. However, the dose-dependent trends (especially the efficacy of lower doses in some measures) underscore the complexity of its pharmacodynamics. Mercury's known mechanisms of toxicity—oxidative stress, mitochondrial dysfunction, and disruption of neurotransmission—may be counteracted by M. piperita via its flavonoids, polyphenols, and terpenes.
Conclusion
Mercury remains a pervasive environmental and public health threat due to its persistence, bioaccumulation, and profound neurotoxic effects. Its widespread presence—via industrial emissions, contaminated food sources, and environmental deposition—poses serious risks to human health, particularly affecting cognitive function, neurological integrity, and psychological well-being. The present investigation highlights not only the detrimental effects of mercury exposure but also explores the promising neuroprotective and antioxidant potential of Mentha piperita. Through its rich phytochemical profile, including flavonoids and essential oils, peppermint demonstrates the capacity to mitigate oxidative stress and support neural health. While further clinical and mechanistic studies are warranted, the findings underscore the relevance of natural plant-based interventions in managing mercury-induced toxicity and advocate for integrative approaches to environmental toxicology and therapeutic development. 
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